We consider outsourcing decision of a firm in a Cournot duopoly with incomplete information. There is incomplete information about the production technology of one firm. It is shown that outsourcing can occur as outcomes of a separating or pooling perfect Bayesian equilibrium, although it is not profitable under complete information. Thus, our paper shows that asymmetric information can itself be a reason for outsourcing. We further show that under outsourcing equilibrium consumers gain, producers as a whole loose, but the overall welfare falls. 
Introduction
Outsourcing is a widespread and growing phenomenon in modern business, having increased over 30% per annum over the last two decades. Such outsourcing can happen not just locally, but even globally. If anything, global sourcing is increasing at an even faster pace. For instance, while only 10% of U.S. firms were engaged in global sourcing in 2000, by 2007 the number had risen to 50% (Lewin and Couto, 2007) .
Such outsourcing is of particular interest to developing countries, given that some of them appear to be hubs of business process outsourcing. For instance, U.S. firms have offshored mainly to India (50% of projects), Latin America (11%), China (9%) and other Asian countries (11%). Relatedly, the Manipal Academy of Higher Education has signed a memorandum of understanding with Hewlett-Packard India Sales to enhance the campus computing experience of students. In the automotive industry, Indian vehicle manufacturers are outsourcing more and more of their components, rather than producing them in house.
One reason that developing countries attract so much outsourcing is of course because of their relative cost advantages. One source of such low costs is the fact that many developing countries possess a huge pool of qualified science and engineering graduates (Lewin et al., 2009; Manning et al. 2008) , making sourcing from developing countries very attractive given 1 See Manning (2013) the low wages in these countries (Lewin and Peeters, 2006) . But it is important to understand that cost differentials cannot be the only consideration while deciding whether to outsource or not, since in an imperfectly competitive market the outsourcing decision also involves a significant strategic component, so that a firm may outsource crucial inputs even when its inhouse production is less expensive.
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There is now a growing literature that focuses on the strategic reasons for outsourcing with the essential idea being that in an oligopoly setup, the firms can use the outsourcing option in a bid to influence the reaction functions in a manner that helps the outsourcing firm.
The literature has examined several reasons for outsourcing. Some studies have focussed on the existence of scale economies in input production and found that it is better for the final goods producers to outsource the inputs from the common input supplier (Shy and Stenbacka, 2003; Buehler and Haucap, 2006) . 4 Arya et al. (2008) considered how outsourcing by a final good producer increases its competitiveness by raising the input prices for its rival. Chen (2011) shows that the outsourcing decision of an incumbent might prevent entry of a potential entrant as the incumbent can commit to an aggressive post-entry competition. Sinha (2014 and 2016) argue that technology transfer can be a motive for outsourcing. They consider a final good producer which has a superior input-production technology to that of the independent input supplier. The final good producer then transfers its technology to the independent input supplier by means of patent sale and thereby commits to outsourcing.
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Surprisingly though, all studies on outsourcing adopt a complete information framework. The role of incomplete or asymmetric information as a possible reason for strategic outsourcing is never identified in the literature. The present paper is an attempt to fill this gap and raise the issue of outsourcing in an incomplete information environment.
Consideration of incomplete information in the context of outsourcing decision is natural in view of the fact that a firm taking the decision regarding whether to `outsource or not', interacts with the other firms in an oligopolistic framework, and some of these firms often possess 3 For example, during 2000s the aircraft giant Boeing had entered into a series of outsourcing agreements with three Japanese firms (Mitsubishi Heavy Industries, Kawasaki Heavy Industries Ltd., and Fuji Heavy Industries) regarding supply of some goods related to aircraft production, including R&D. However, it was observed that costs of these goods in Japan were no less, hence Boeing's outsourcing decision cannot be justified based on costsaving. Outsourcing contracts between Boeing and Lockheed is another example (see Chen, 2011) .
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Sinha (2016) re-examines the role of economies of scale in Cournot competition and shows that the existence of outsourcing equilibrium crucially depends on the existence of input supplier given its fixed cost. private information about some characteristics relevant for production decision. For instance, a firm may not know the rival's production technology, or it may not know the quality of the inputs it will be outsourcing. In general, it may not know the rival's type. Such asymmetry of information should influence the decision of the firm.
In the present paper we construct a model of two firms interacting in the product market under asymmetric information where both firms have the option of either producing the inputs inhouse, or buying the inputs from an input market, and one firm has private information about its technological capability. However, using outsourced inputs (which are substitute to inputs produced in-house) involves a fixed cost at the plant level. It requires setting up new plant or machines to make the outsourced input convertible or appropriately usable, given the production technology.
We assume that the firm with private information can be one of two types, viz., high cost or low cost. To focus on the role of incomplete information on the choice of outsourcing, we examine a scenario such that under complete information neither type will go for outsourcing, given the fixed cost associated with it. Interestingly however, under incomplete information, depending on the size of the fixed cost, either the low cost type firm, or both types will opt for outsourcing inputs in equilibrium. We portray situations when a separating equilibrium exists under which the low cost type outsources inputs and the high cost type produces inputs inhouse. On the other hand, there also exists a pooling equilibrium where both high and low types outsource inputs in equilibrium. This happens when the fixed cost associated with outsourcing is small. Actually, the high cost firm pools with the low cost type and gains from the fact that the rival firm behaves less aggressively since it is not sure how efficient its competitor is. We also argue that a separating equilibrium with high cost firm outsourcing inputs and the low cost firm producing inputs in-house will never arise.
Thus our paper shows that simply the presence of incomplete information about the type of one interacting firm may motivate it to go for outsourcing. In particular, the existence of a separating equilibrium demonstrates that outsourcing can be used as signal of production technology. Finally, we provide a welfare analysis under incomplete information vis-à-vis the case of complete information. We show that under outsourcing equilibrium the consumers gain and producers as a whole loose, but the overall welfare falls unambiguously.
The next section describes the model and derives the results of the paper. Then section 3 provides a brief welfare analysis and section 4 concludes the paper.
Model
Consider two firms, call them firm 1 and firm 2, which compete a la Cournot in a market for a homogenous good. While firm 1's type is deterministic, firm 2's type is random; thus firm 2 can either be high cost, denoted the H type, or low cost, denoted the L type.
We assume the following technological specifications. The production technology of each of firm 1 and the H type of firm 2 involves transforming a single input into the output, but the L type of firm 2's technology requires 1 units of inputs to produce one unit of output. The firms can either produce the input in-house, or outsource an input substitute from an external input market. However, production using outsourced inputs involves a fixed cost, 0. This is required for altering the existing plant or to set up a new plant so that the outsourced input is accommodated in the final good production process. Thus, F represents the plant level adjustment cost for using the outsourced inputs, and this is over and above the cost of procuring the input from the market. If the firms decide to produce the input in-house, then no such additional cost is required for production, but there is a marginal cost of in-house input production.
Let the per unit outsourced input cost be . If inputs are produced in-house, the per unit cost of input production by firm 1 and the H type of firm 2 are respectively and , with 0
. Then given their technologies, if inputs are produced in-house, the per unit final good production by firm 1 and the H type of firm 2 are also, respectively, and , whereas if inputs are outsourced, each of them will have a per unit production cost of .
On the other hand, given the L type firm 2's technology, if it produces inputs in-house, let its per unit cost of final good production be , that is, its in-house input production cost is ( ⁄ ). Since it can outsource input at a cost of per unit, then under outsourcing its per unit cost of final good is . We assume .
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So L type has a lower cost of production vis-à-vis the H type.
Finally, the market demand function is assumed to be linear and is given by
6 By this we rule out the possibility of outsourcing based on cost consideration.
where is the price of the final good and is the quantity of the good supplied by firm 1, 2 .
We consider the following game. In stage 1, nature chooses the type of firm 2, with type H being chosen with probability , and type L with probability 1 , where this choice is private information of firm 2. In stage 2, both firms simultaneously choose whether to outsource the input, or produce the input in-house. However, we have restricted the parameters in a manner that firm 1 would never choose outsourcing in equilibrium. In stage 3, they compete in the final good market a la Cournot.
Complete Information Scenario
Firm 2's type will be perfectly observable to firm 1 under complete information. Firm 1's unit cost of production is . Suppose firm 2 is a high cost firm, hence its unit cost of production, both under in-house input production and outsourcing, is . Therefore, under complete information, assuming (so that the high cost firm produces a positive output), the payoffs of the H type of firm 2 under in-house production ( ) and outsourcing ) are respectively, and .
In case firm 2 is known to be a low cost firm, then the L type firm 2's payoffs under in-house production and outsourcing are respectively, and .
Proposition 1: Under complete information neither type of firm 2 will opt for outsourcing inputs.
This is obvious from (2) and (3), given 0 and . Actually, we frame the parameter values in such a way that outsourcing by any firm does not occur under complete information.
However, we show below that for the same parameter values outsourcing will occur under incomplete information.
Incomplete Information Scenario
While firm 1's production technology is always common knowledge, recall that firm 2's production technology (determining unit cost of production) is determined by nature in the first stage of the game and is revealed only to firm 2. Thus, firm 2 has private information about its unit cost of production ( or ) in the beginning of stage 2 of the game. However, firm 1 does not know that information but holds some prior belief about the types of firm 2. Let us assume that the prior belief of firm 1 is that firm 2 is of high cost type with probability , 0 1, and of low cost type with probability 1 . All these are common knowledge.
First, suppose that the option of outsourcing of inputs is not available to firm 2 as an alternative to in-house input production. Then under incomplete information the Bayesian Nash equilibrium quantities are (see Gibbons, 1992 
Clearly, we have by comparing with (2) and (3), * and * .
Therefore, without the possibility of outsourcing under incomplete information, the high cost firm gains and the low cost firm suffers a loss compared to complete information situation, and the loss (gain) of the low (high) cost firm increases (decreases) as goes up. Therefore, the high cost type firm 2 has no incentive to reveal its cost type to the rival. But the low cost type firm 2 has an incentive to reveal its type. If the low cost firm 2 could convince firm 1 that it is indeed a low cost firm and if firm 1 would believe it with probability one, then the low cost firm 2's profit could be higher than *
. In other words, in a standard Bayesian Cournot equilibrium with one sided asymmetric information, one type gains and the other type loses due to asymmetric information since the rival firm, without knowing that information, would always choose his output as a reaction based on the expected output that would be produced by firm 2 under complete information. This brings us to the point to explore whether the losing type of firm 2 can credibly signal its type by choosing its mode of sourcing input in stage 2 of the game and improve its payoff.
Now we consider the possibility of outsourcing inputs from the input market as an alternative to in-house production to be chosen at stage 2 of the game. Then our question is: Can the low cost firm 2 signal its type by outsourcing? Since outsourcing involves a fixed cost, signalling may not be always possible. So we first derive the condition(s) under which a separating equilibrium exists where the low cost type firm 2 opts for outsourcing, whereas the high cost type firm 2 continues with in-house input production. We then explore the possibility of pooling equilibrium on outsourcing, that is, in equilibrium both types prefer outsourcing. We also show that separating equilibrium with high cost type firm outsourcing cannot arise.
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For the remainder of the analysis, to simplify the algebra we assume .
This is for expositional purposes only, and all our results follow if we do not make this assumption. This would require some further restrictions on of course.
There are different combinations of choices possible for firm 2 at stage 2 depending on its type.
Below we examine a separating equilibrium where the high cost type firm 2 chooses in-house production (I), and the low cost type firm 2 chooses outsourcing (O).
Case 1: (In-house, Outsourcing) as a separating equilibrium
This is the most important scenario because in a separating equilibrium the low cost firm can signal its type convincingly. Under this equilibrium the belief of firm 1 will be the following.
If firm 2 is observed to outsource, it is believed to be the low cost type with probability one, and if firm 2 opts for in-house production it is believed to be the high cost type, that is, | 1 | . Then along the equilibrium path, the payoffs of H and L will be, respectively, , and , .
7
Although in this paper we are not interested in pooling on in-house production by both types in equilibrium, but one may easily check that such an equilibrium exists if the fixed cost associated with outsourcing is above a critical level, and this can be supported by an appropriate off-the-equilibrium belief. Now, for (In-house, Outsourcing) to be a separating equilibrium we need to ensure that the neither type of firm 2 has any incentive to deviate. Given the above beliefs, we can check (see Appendix A) that the defection payoffs of H and L will be respectively, , and , .
Therefore, for separating equilibrium the following two conditions must be satisfied simultaneously, that is,
and
it is straightforward to check that 0 . Of course firm 1 has no incentive to outsource.
Hence we can write the following proposition.
Proposition 2: For all , ), a separating Perfect Bayesian equilibrium exists where the high cost firm 2 chooses to produce its inputs in-house and the low cost firm 2 chooses outsourcing and firm 1 holds the belief that
Therefore, when the fixed cost associated with outsourcing inputs is neither too small nor too high, the low cost firm 2 can credibly signal its type to its rival firm 1. Here outsourcing is acting as signal. Given the cost structure the high cost firm cannot mimic as low cost firm, that's why firm 1 is fully convinced about firm 2's type.
Note that in our paper under incomplete information the firm with the private information has the option of signalling only through the choice of mode of production organization.
Outsourcing is chosen as a signal by the efficient type of firm 2 when the cost of doing so (that is, F), is neither too high nor too low. This signalling is like burning money to convince the rival that its variable cost of production is low, and when this is credible the rival firm 1 would react by scaling down its production as it is convinced of competing with the low cost type firm 2. Thus our proposition establishes that outsourcing can be a signal of the firm's type.
We next turn to examining pooling equilibria.
.
Now consider the off-the-equilibrium beliefs. 
Therefore, for (Outsourcing, Outsourcing) to be a pooling equilibrium, the following two conditions must have to be simultaneously satisfied, that is, Note that under this equilibrium both types of firm 2 are choosing to outsource, so that the low cost firm 2 is not able to separate out from the high cost firm 2. However, given the off-the-equilibrium belief held by firm 1, it is not worthwhile for the low cost firm 2 to choose the other option of in-house production for this parameter range. This equilibrium is happening for low values of F. Hence, the high cost type does not mind the extra fixed cost of plant adjustment and pool with the low cost type firm 2 in order to take advantage of the extra profit that it earns in a Cournot Bayesian equilibrium.
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Note that the incidence of outsourcing occurs in our model for two different reasons, both related to the presence of incomplete information. On the one hand, given the extra cost of outsourcing, outsourcing acts as a signal and thereby a separating equilibrium is obtained. On the other hand, when there is no possibility of signalling due to the possibility of mimicking by the high cost type firm 2, outsourcing is chosen by the low cost type firm 2 to ensure that firm 1 does not take an aggressive stance which holds the belief that in case the in-house production is undertaken, it must be the high cost type firm 2. Given the choice of outsourcing by the low cost firm 2, the high cost firm 2 also finds it preferable to outsource given that the fixed cost is low. The high cost type firm 2 goes for outsourcing to avoid the adverse off-the equilibrium belief of the rival. In contrast, under complete information outsourcing is not sustained as a subgame perfect equilibrium outcome.
Before we conclude this section, we show that there is no separating equilibrium in which the high cost firm alone outsources. For (Outsourcing, In-house) to be an equilibrium, along the equilibrium path the belief must be | 1 | . Under this belief if an equilibrium exists, then the payoffs of the high cost and low cost type firm 2 would be , and , .
Then, given the belief, the high cost type by deviation would get 8
As is well known, in a Perfect Bayesian equilibrium the off-the-equilibrium belief can be arbitrary and there is no restriction imposed on it by this equilibrium notion. Here the off-the-equilibrium belief | 1 is driving the result that both types firm 2 would choose outsourcing in equilibrium. One can generate infinitely many equilibria involving outsourcing by simply altering the off-the-equilibrium belief here.
Note that this off-the-equilibrium belief is sufficient to establish the existence of pooling equilibrium for all , where both types of firm 2 will engage in outsourcing. Now the question is whether this pooling equilibrium is in some sense reasonable, e.g. does it survive the ``intuitive criterion'' suggested by Cho and Kreps (1987) which uses an ``equilibrium domination'' argument? Consider an unexpected deviation to in-house production made by the low cost type firm 2 with the hope that firm 1 revises its off-the-equilibrium belief in favour of the low cost type firm 2 conditional on deviation. This change in belief would also attract the high cost type firm 2 to deviate to in-house production and as a result the "intuitive criterion" would not have any bite in the given context. Therefore, the pooling equilibrium with the above off-the-equilibrium belief survives the "intuitive criterion.'' Finally, it may be mentioned that in this paper our purpose is not to characterize all possible equilibria under incomplete information. We may, however, note that when the fixed cost of outsourcing is above a critical level, a pooling equilibrium in which both types of firm 2 produce inputs in-house can always be sustained with some off-the-equilibrium beliefs. 
Welfare analysis
In this section we discuss the welfare implications of outsourcing under incomplete information, comparing the social utility under incomplete information vis-à-vis that under complete information.
Given that nature determines the type of firm 2, under complete information there will be no outsourcing. However, under incomplete information when the fixed cost associated with outsourcing is at an intermediate level, the type firm 2 will outsource inputs and the type will produce in-house (vide Proposition 2). Hence in such a situation the outcome in the final goods market will be exactly similar to the case of complete information depending on the type of firm 2. Since individual firm's output as well as the industry output will remain the same, consumers' surplus will remain unchanged. Similarly, firm 1 and the type firm 2's profits will remain unchanged but the type firm 2's profit will fall to the extent of fixed cost of outsourcing. Therefore, when evaluated ex ante, i.e. before the realization of nature's choice, while consumers' surplus is not affected, the expected industry profit and hence the expected overall welfare will unambiguously fall under incomplete information with a separating outsourcing equilibrium compared to the case of complete information.
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Note that existence of various equilibria in our model depend on parameter values, and in particular, on . If we rank the relevant cut-offs on , we have : . We then have a pooling equilibrium on outsourcing for all , a separating equilibrium for all , ) and a pooling equilibrium on in-house production for . Therefore, when ( , , a randomization will occur between pooling and separating equilibrium.
On the other hand, when the fixed cost is below a critical level, under incomplete information both types of firm 2 will outsource inputs in equilibrium (vide Proposition 3). Then it is easy to show that compared to the case of complete information, industry output under incomplete information will fall (rise) if firm 2 is of ( ) type. Therefore, ex post, consumers will benefit (lose) if ( ) is the realization. Interestingly, expected consumers' welfare under incomplete information evaluated before the realization of nature's choice, will unambiguously rise. On the other hand, the expected total producers' surplus, as well as overall welfare diminishes as compared to complete information regime.
Thus, the welfare implication for the separating outsourcing equilibrium is straightforward and it is only the additional cost of outsourcing that matters. For the case of pooling outsourcing equilibrium, the welfare result is stated in the following proposition. The results are derived in Appendix B.
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The intuition is the following. The inefficiency of production increases under incomplete information due to a higher production by the H type of firm 2 and a lower production by the L type. This reduces the profit. On the other hand, the expected industry output under pooling is the same as that under complete information, but the variation goes up as the output is lower in H state and higher in L state. Due to this mean preserving spread nature of output changes and the quadratic functional form of consumer surplus, under pooling equilibrium the consumer surplus goes up. Overall welfare however falls as profit decreases more than the increase in consumer surplus.
Summary of the results
Suppose that in a quantity setting duopoly with asymmetric information firms have the option of choosing between outsourcing and in-house input production, and that the firm with private information is either high cost or low cost. Then in equilibrium either only the low cost type,
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Assuming symmetric distribution of realization of firm's costs, Shapiro (1986) had earlier shown that welfare under Bayesian Nash equilibrium falls unambiguously compared to the case of sharing private information. Sharing private information is equivalent to our case of complete information.
or both types of firm will opt for outsourcing. This result is surprising given the fact that the firms would never be involved in outsourcing under complete information. Under incomplete information, equilibria where both types outsource arise when the fixed cost associated with outsourcing activity is below a critical level. When the fixed cost is neither too small nor too large, a separating equilibrium exists in which the low cost type outsources inputs from the input market and the high cost type produces inputs in-house. However, outsourcing by only the high cost type can never occur in equilibrium. Finally, we have provided a discussion on welfare comparison between the regimes with complete and incomplete information, and have shown that the consumers gain and producers loose under incomplete information. But the overall welfare defined as the sum of consumers' surplus and profits falls under incomplete information compared to complete information.
